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CLOCK RECOVERY CIRCUIT 



BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a clock recovery circuit 
which is incorporated in a receiving device for digital 
television broadcasts using a VSB modulation method. 

2. Description of the Related Art 

As a clock recovery circuit according to the prior art, for 
example, there is a per se known type "VSB modulation used for 
terrestrial and cable broadcasts" described in the publication, 
IEEE Trans. Consumer Electronics, Vol. 41, No. 3, pp. 367-381, 
Aug. 1995. 

Fig. 1 is a structural view showing the above identified 
clock recovery circuit including A/D converter. In this clock 
recovery circuit, an A/D converter 1 inputs a VSB signal which 
has been converted to baseband, and converts it to digital data 
using a synchronous clock signal. A correlation filter 2 detects 
data breaks of fixed lengths in the data series which is inputted 
from the A/D converter 1. A segment integrator 3 inputs the 
output data from the correlation filter 2, and performs 
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integration for each of 832 symbols. A segment detector 4 
detects data segment sync which exist for each of the 832 
symbols. A phase error detector 5 detects the phase error using 
data segment sync, and outputs a phase error signal. A loop 
5 filter 6 smoothes the phase error signal, and controls a 

reference clock of receiving device generator (VCXO) 7 using this 
phase error signal. This reference clock signal generator 7 
comprises a voltage control oscillator which employs a crystal 
oscillator. The reference clock generator 7 generates a 
||) synchronous reference clock signal which is phase-controlled, and 
jM supplies it to the A/D converter 1 as a sampling clock signal. 

"Si 

*p In the clock recovery circuit, the phase error between the 

y symbol clock of the received VSB signal and the reference clock 
\![ of the receiving device is detected using data segment sync which 
15 exist for each of the 832 symbols. Due to this, it becomes 
impossible to perform high speed tracking of the synchronous 
clock signal when the received signal is varying over time. 

Furthermore, when performing signal reception in conditions 
of lower C/N ratio, or when the influence of multi-pass 
2 0 distortion is being experienced, data segment sync undesirably 
becomes distorted, and correct detection of the phase error of 
the synchronous clock signal becomes impossible. In this case, 
it becomes impossible to regenerate an accurate clock signal. 
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SUMMARY OF THE INVENTION 

The present invention has been conceived of after 
5 consideration of the above type of problematical points which the 
prior art involves, and it has as its objective, in order to 
solve the problems with prior art circuits, to implement a clock 
recovery circuit which can perform high speed tracking even when 
y the received signal varies over time, by performing phase error 
Sf) detection for each of the symbols of the received signal 
^[ individually. Moreover, it has as its further objective to 

implement a clock recovery circuit which can perform accurate 
Q clock signal regeneration, even during reception under low C/N 
•H : ratio conditions, or when the influence of multi-pass distortion 
jfe is being experienced, by performing processing in a frequency 
domain for phase error detection. 

BRIEF DESCRIPTION OF THE DRAWINGS 

2 0 Fig. 1 is a block diagram showing the structure of a clock 

recovery circuit including an A/D converter, which is an example 
of the prior art . 

Fig. 2 is a block diagram showing the general structure of a 
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clock recovery circuit according to a first preferred embodiment 
of the present invention. 

Fig. 3 is a frequency spectrum diagram of a VSB signal which 
has been converted to baseband, in each of the clock recovery 
5 circuits according to the various preferred embodiments of the 
present invention. 

Fig. 4 is an explanatory figure showing, for the first 
embodiment of the clock recovery circuit, the phase error 
yl relationship between the symbol clock of the VSB signal which has 
lb been received, and the symbol clock of the receiving device. 
fl Fig. 5 is a block diagram showing the general structure of a 

s?s clock recovery circuit according to a second preferred embodiment 
m of the present invention. 

Fig. 6 is a figure for explanation of the operation of a 
me phase error detector which is utilized in the clock recovery 
circuit of the second embodiment. 

Fig. 7 is a block diagram showing the general structure of a 
clock recovery circuit according to a third preferred embodiment 
of the present invention. 
2 0 Fig, 8 is a block diagram showing the general structure of a 

clock recovery circuit according to a fourth preferred embodiment 
of the present invention. 

Fig. 9A is a figure for explanation of the behavior of the 
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phase error signal, when in the operation of the fourth 
embodiment the received symbol value diminishes as the phase of 
the reference clock of the receiving device becomes advanced. 

Fig. 9B is a figure for explanation of the behavior of the 
5 phase error signal, when in the operation of the fourth 

embodiment the received symbol value increases as the phase of 
the reference clock of the receiving device becomes more 
advanced . 

J% Fig. 9C is a figure for explanation of the behavior of the 

IB phase error signal, when in the operation of the fourth 
y* embodiment the received symbol value diminishes as the phase of 
^ 3 the reference clock of the receiving device becomes more delayed. 
S Fig. 9D is a figure for explanation of the behavior of the 

lt\ phase error signal, when in the operation of the fourth 

"■iss; ; 

%£ embodiment the received symbol value increases as the phase of 

the reference clock of the receiving device becomes delayed. 

Fig. 10 is a figure for explanation of the operation of a 

tendency detection which is utilized in the clock recovery 

circuit of the fourth embodiment. 
20 Fig. 11 is a figure for explanation of the operation of a 

region decision which is utilized in the clock recovery circuit 

of the fourth embodiment . 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 



- Preferred Embodiment 1 - 

Next a clock recovery circuit according to a first preferred 
5 embodiment of the present invention will be explained. Fig. 2 is 

a block diagram showing the general structure of this clock 

recovery circuit according to the first preferred embodiment. 

This clock recovery circuit comprises a first band pass filter 
*Q (hereinafter abbreviated as "BPF") 8, a second BPF 9, a n/4 delay 
SI element 10, a first multiplier 11, a second multiplier 12, an 

adder 13, a third BPF 14, a phase error detector 15, and a loop 
^ filter 16. 

m Let the frequency of the symbol clock (symbol rate) be 

yi termed "fs" (and its angular frequency "cos"). The first BPF 8 is 
tS a band pass filter which extracts a signal of the fs/2 frequency 
component of cos (cos/2) t from the in-phase component of the VSB 
signal which has been converted to baseband. The second BPF 9 is 
a band pass filter which extracts a signal of the fs/2 frequency 
component sin(os/2)t from the quadrature-phase component of the 
20 VSB signal which has been converted to baseband. The n/4 delay 
element 10 is a circuit which delays the phase of the output 
signal of the second BPF 9 by just the amount n/4, so that this 
output signal becomes cos (cos/2) t. The first multiplier 11 is a 
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circuit which squares the output signal of the first BPF 8, so 
that this output signal becomes [1+cos (cos) t] /2 . The second 
multiplier 12 is a circuit which squares the output signal 
cos (cos/2) t of the n/4 delay element 10, so that this output 
signal becomes [1+cos (cos) t] /2 . 

The adder 13 is a circuit which adds together the output 
signal [1+cos (cos) t] /2 and the output signal of the second 
multiplier 12 [1+cos (cos) t] /2, so that its output signal has the 
value [1+cos (cos) t] . The third BPF 14 is a band pass filter which 
extracts the fs component from the added output of the adder 13, 
and which obtains the symbol clock Cs of the VSB signal which has 
been received. The phase error detector 15 is a circuit which 
detects the phase error between the symbol clock Cs of the 
received VSB signal and the reference clock Cr of the receiving 
device, and which generates a phase error signal AP. And the 
loop filter 16 is a filter which smoothes the phase error signal 
AP. 

The operation of this clock recovery circuit with the above 
described structure will now be explained. First, the VSB signal 
which has been converted to baseband has a spectrum like the one 
shown in Fig. 3. In other words, a pilot of frequency fp or 
angular frequency cos (=2nfp) signal is present in the DC 
component of the frequency. If the frequency of the symbol clock 



which is included in the VSB signal is termed fs, then a fs/2 
signal is present in a position separated by fs/2 from the pilot 
signal. The first BPF 8 and the second BPF 9 shown in Fig. 2 
extract the signal of the fs/2 component. The first multiplier 
5 11 squares the output signal of the first BPF 8. The n/4 delay 
element 10 delays the output signal of the second BPF 9 by just 
n/4 as seen from the point of view of the reference clock Cr of 
the receiving device. The second multiplier 12 squares the 
0 output signal of the n/4 delay element 10. And the output 
ID signals of the first multiplier 11 and the second multiplier 12 
W constitute the signals of frequency fs. 

2 The adder 13 adds together the squared in-phase component 

JL and the squared quadrature -phase component. This added signal 

u I 

|L: includes the symbol clock of the VSB signal which has been 
§j5 received. The third BPF 14 extracts only the symbol clock 

component. The phase error detector 15 detects the phase error 
by comparing the phase of the symbol clock of the received VSB 
signal with the phase of the reference clock of the receiving 
device. The loop filter 16 smoothes the phase error signal AP 
2 0 which has been outputted from the phase error detector 15. This 
phase error signal AP is supplied, for example, as a PLL control 
signal to a reference clock of receiving device generation 
circuit, which is identical to the reference clock generator of 



- 8 - 



Fig. 1. Furthermore, if no circuit like the reference clock 
generator 7 of Fig. 1 is used, and moreover if the A/D converter 
1 samples at a clock signal from a fixed oscillator, then this 
phase error signal AP is used as information for data 
interpolation, so that the sampling data of the A/D converter 1 
becomes sampling data at the correct phase. 

Thus, as shown in Fig. 4, the phase error detector 15 
detects the phase difference at each instant by quantizing the 
output signal Cs of the third BPF 14, at the reference clock Cr 
of the receiving device. 

As described above, according to this first embodiment of 
the present invention, it is possible to perform clock signal 
regeneration by processing at the frequency domain. Due to this, 
it is possible to regenerate a more accurate clock signal, even 
if the symbol data is distorted by multi-pass distortion or the 
like, since there is no deviation in the frequency of the clock 
signal of the VSB signal. Furthermore, since both the in-phase 
component and the quadrature -phase component of the VSB signal 
are employed, the S/N ratio is enhanced, and it is possible to 
regenerate an accurate clock signal. Yet further, even if 
frequency jitter is generated in the baseband VSB signal by the 
carrier recovery circuit, or if frequency drift of the carrier 
wave included during non-coherent detection or the like occurs, 



it is possible to regenerate an accurate clock signal . 

Although in the above described first preferred embodiment 
both the in-phase component and the quadrature -phase component of 
the VSB signal are employed, it should be noted that it would 
5 also be possible, as an alternative, to implement the clock 

recovery circuit so as to employ only one or the other of these 
two components. 

jn - Preferred Embodiment 2 - 

f|£) Fig. 5 is a block diagram showing the general structure of a 

^ clock recovery circuit according to a second preferred embodiment 

of the present invention. This clock recovery circuit comprises 
y a first BPF 17, a second BPF 18, a first low pass filter 
;~ (hereinafter abbreviated as "LPF") 19, a second LPF 20, a first 
jl5 complex number arithmetical unit 21, a third BPF 22, a fourth BPF 

23, a second complex number arithmetical unit 24, a first filter 

25, a second filter 26, a phase error detector 27, and a loop 

filter 16. 

Let the frequency of the symbol clock (symbol rate) be 
20 termed "fs" (and its angular frequency "cos"). The first BPF 17 
and the second BPF 18 are band pass filters which extract a 
signal having the fs/2 frequency component from the baseband VSB 
signal. Let the output of the first BPF 17 be termed the in- 
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phase component, and the output of the second BPF 18 be termed 
the quadrature -phase component; then the signal made up from the 
in-phase component and quadrature -phase component will be termed 
the first complex number signal ej (cop + cos/2) t. It should be 
understood that the complex number signal [cos X + j sin X] is 
written as ejX. 

The first LPF 19 and the second LPF 20 are low pass filters 
which extract the pilot signal from the baseband VSB signal. Let 
the output of the first LPF 19 be termed the in-phase component, 
and the output of the second LPF 2 0 be termed the quadrature- 
phase component; then the signal which is made up from the in- 
phase component and the quadrature -phase component will be termed 
the second complex number signal ej(cop)t. 

The first complex number arithmetical unit 21 is made as a 
complex number divider. This first complex number arithmetical 
unit 21 is a circuit which divides the first complex number 
signal by the second complex number signal, according to the 
rules of complex number division. It should be understood that 
it would also be possible, as an alternative, for this first 
complex number arithmetical unit 21 to operate by multiplying the 
first complex number signal by a complex number signal which is 
the conjugate of the second complex number signal. 

The third BPF 22 and the fourth BPF 23 are band pass filters 



which extract the fs/2 component signal from the output signals 
of the first complex number arithmetical unit 21. Let the output 
of the third BPF 22 be termed the in-phase component, and the 
output of the fourth BPF 23 be termed the quadrature -phase 
component; then the signal which is made up from the in-phase 
component and the quadrature -phase component will be termed the 
third complex number signal ej (cos/2) t. 

The second complex number arithmetical unit 24 is a circuit 
which squares this third complex number signal, so as to convert 
it to a signal which includes a fs component. The first filter 
25 and the second filter 2 6 are circuits which extract a signal 
which consists only of the fs component from the output signal of 
the second complex number arithmetical unit 24. Let the output 
of the first filter 25 be termed the in-phase component, and the 
output of the second filter 26 be termed the quadrature -phase 
component; then the signal which is made up from the in-phase 
component and the quadrature -phase component will be termed the 
fourth complex number signal ej(cos)t. 

It should be understood that, when the operating speed of 
the clock recovery circuit is 2fs, this first filter 25 and 
second filter 26 may be highpass filters which pass the fs 
component, and when the operating speed is greater than 2fs, they 
may be band pass filters which pass this fs component. 



The phase error detector 27 is a circuit which detects the 
phase error between the symbol clock Cs which is included in the 
fourth complex number signal and the reference clock Cr of the 
receiving device, and generates a phase error signal AP. The 
loop filter 16 is a filter which smoothes the phase error signal 
AP, just like the one shown in Fig. 2. 

The operation of this clock recovery circuit according to 
the second embodiment will now be explained. First, the VSB 
signal which has been converted to baseband has a spectrum like 
the one shown in Fig. 3, and a pilot signal is present in the DC 
component of the frequency. The first BPF 17 and the second BPF 
18 extract the signal at the position separated by fs/2 from the 
pilot signal. Further, the first LPF 19 and the second LPF 20 
extract the pilot signal only. 

The first complex number arithmetical unit 21 performs 
complex number division so as to divide the complex number signal 
ej (cop+cos/2) t of the first BPF 17 and the second BPF 18 by the 
complex number signal ej(cop)t of the first LPF 19 and the second 
LPF 20, and extract the signal which is in the frequency fs/2 
position apart from the pilot signal, in other words the signal 
which is the 1/2 frequency component of the symbol clock (fs) of 
the received VSB signal. 

The third BPF 22 and the fourth BPF 23 allow to pass only 
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the fs/2 signal component from the output signal of the first 
complex number arithmetical unit 21. The second complex number 
arithmetical unit 24 squares the third complex number signal, so 
as to convert it to a signal of which the main component is the 
frequency fs. The first filter 25 and the second filter 26 
extract only the signal of fs from the output signal of the 
second complex number arithmetical unit 24. 

The phase error detector 2 7 detects the phase error of the 
symbol clock of the received VSB signal by detecting the phase 
difference between the fourth complex number signal and the 
reference clock Cr. The loop filter 16 smoothes the phase error 
signal AP, and outputs a control signal of the clock signal 
reference circuit . 

In complex number coordinates, let the output of the first 
LPF 25 be termed the in-phase component, and the output of the 
second LPF 26 be termed the quadrature -phase component. If the 
phase of the reference clock of the receiving device is supposed 
only to have an in-phase component, then the phase angle 0 which 
is determined by the in-phase component and the quadrature -phase 
component indicates the phase error of the symbol clock Cs of the 
VSB signal. The phase error detector 27 detects this phase 
error . 

According to the second embodiment, when a baseband VSB 
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signal is received, even in the case that frequency jitter is 
generated in the carrier recovery circuit, or if frequency drift 
of the carrier wave included during non-coherent detection or the 
like occurs, since the frequency difference between the signal of 
the fs/2 component of the VSB signal and the pilot signal is 
constant at fs/2, therefore it is possible to detect the phase 
error accurately from their differential signal. Further, since 
the clock signal regeneration is performed by processing by 
frequency domain, even if the symbol data is distorted by multi- 
pass distortion or the like, there is no deviation in the 
frequency of the clock signal of the VSB signal. Due to this, it 
is possible to regenerate a more accurate clock signal with this 
second preferred embodiment, than in the case of the first 
embodiment described above. 

Moreover, although a VSB signal converted to baseband was 
employed with this second embodiment, it would also be possible, 
as an alternative, to implement this clock recovery circuit with 
a VSB signal outside the baseband region, for example of an 
intermediate frequency band or the like. 

It should be understood that, with this second preferred 
embodiment, it would be possible to change the function of 
complex number division of the first complex number arithmetical 
unit 21 to the function of complex number multiplication, by 
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employing the conjugate value of the output signals of the first 
LPF 19 and the second LPF 20. 

- Preferred Embodiment 3 - 
5 Fig. 7 is a block diagram showing the general structure of a 

clock recovery circuit according to a third preferred embodiment 
of the present invention. It should be understood that elements 
of this third embodiment which correspond to elements of the 
second embodiment described above and which have the same 
ttp functions are denoted by the same reference symbols, and the 
H description of their function is omitted. This clock recovery 
=F circuit, just like the circuit of the second embodiment, 
3 comprises a first BPF 17 7 a second BPF 18 , a first LPF 19, a 
f!I second LPF 20, a first complex number arithmetical unit 21, a 
-3f5 third BPF 22, a fourth BPF 23, a phase error detector 27, and a 
loop filter 16. And there are additionally provided a reference 
clock of receiving device generator 28, a second complex number 
arithmetical unit 29, a third LPF 30, and a fourth LPF 31. 

Let the frequency of the reference clock of the receiving 
20 device be termed "fs ,TI (and its angular frequency "cos'")- The 
reference clock generator 28 is a circuit which generates a 
reference clock of receiving device Cr of frequency fs f /2. The 
outputs of the third BPF 22 and the fourth BPF 23 will be termed 
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the third complex number signal ej(cos/2)t. Furthermore, the 
output of the reference clock generator 2 8 will be termed the 
fourth complex number signal ej(cos ! /2)t. The second complex 
number arithmetical unit 2 9 is made as a complex number divider, 
and it is a circuit which generates a differential signal between 
the symbol clock on the transmission signal and the reference 
clock on the receiving device by dividing the third complex 
number signal by the fourth complex number signal. 

The third LPF 3 0 and the fourth LPF 31 are low pass filters 
which input the complex number signal which is outputted from the 
second complex number arithmetical unit 2 9 and convert it into a 
fifth complex number signal by extracting the signal component of 
frequency (fs-fs')/2. This fifth complex number signal includes 
the frequency error and the phase error between the symbol clock 
on the transmission signal and the reference clock on the 
receiving device. The phase error detector 27 is a circuit which 
compares the output signals of the third LPF 30 and fourth LPF 
31, and detects the frequency error Af and the phase error AP. 

The operation of this clock recovery circuit with the above 
described structure according to the third embodiment will now be 
explained. As previously described, the VSB signal which has 
been converted to baseband has a spectrum shown in Fig. 3. In 
other words, a pilot signal is present in the DC component of the 



frequency, and, with regard to the frequency of the symbol clock 
(symbol rate) included in the VSB signal, a signal of frequency 
fs/2 is present at a position separated by fs/2 from the pilot 
signal. The first BPF 17 and the second BPF 18 extract the fs/2 
5 separated signal, and output the first complex number signal 
ej (cop+cos/2) t . Further, the first LPF 19 and the second LPF 20 
extract the pilot signal from the VSB signal, and output the 
second complex number signal ej(cop)t. 
CI The frequency difference between the signal of fs/2 

f| extracted by the first BPF 17 and the second BPF 18 and the pilot 
ff signal fp extracted by the first LPF 19 and the second LPF 20 is 
p fs/2. Accordingly, the first complex number arithmetical unit 21 
□ outputs a signal including a signal of the fs/2 which is their 
M frequency differential. The third BPF 22 and the fourth BPF 23 
£5 pass only the signal of fs/2 from the output signal of the first 
complex number arithmetical unit 21, and output the third complex 
number signal ej(cos/2)t. 

The second complex number arithmetical unit 2 9 generates a 
differential signal ej (cos/2-G)s 1 12 ) t between the symbol clock on 
2 0 the transmission signal and the reference clock on the receiving 
device by dividing the third complex number signal by a fourth 
complex number signal ej(os , /2)t which is outputted from the 
reference clock generator 28. The third LPF 3 0 and the fourth 
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LPF 31 convert this fourth complex number signal into the fifth 
complex number signal which includes the frequency error Af and 
the phase error AP between the symbol clock on the transmission 
signal and the reference clock on the receiving device. 

The phase error detector 27 inputs the fifth complex number 
signal, and detects the phase error AP between the symbol clock 
of the received VSB signal and the reference clock Cr of the 
receiving device. And the loop filter 16 smoothes the error 
signal AP of the phase error detector 27, and outputs a control 
signal of the clock signal reference circuit. 

Here, in the complex number plane defined by the I -axis and 
the Q-axis, the reference clock generator 28 generates a 
frequency of fs'/2 by outputting in order (I, Q) signals whose 
phases differ by a phase difference of n/4 at a clock signal 
frequency of 2fs ! . These (I, Q) signals may, for example, be 
simply implemented by taking the values (1,0), (0,1), (-1,0) and 
(0,-1) in order. If the second complex number arithmetical unit 
2 9 is structured as a complex number multiplier, it is also 
acceptable, as an alternative, to multiply a signal which is the 
conjugate of the fourth complex number signal, by the third 
complex number signal. In this case, the reference clocks given 
to the complex number multiplier should be (1,0), (0,-1), (-1,0) 
and (0,1), repeatedly in this order. 
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According to this third preferred embodiment of the present 
invention as described above, when a baseband VSB signal is 
obtained, even in the case that frequency jitter is generated in 
the carrier recovery circuit, or if frequency drift of the 
5 carrier wave included during non-coherent detection occurs, since 
the frequency difference between the signal of the fs/2 component 
of the VSB signal and the pilot signal is constant at fs/2, 
therefore it is possible to generate an accurate clock signal 
S from their differential signal. Furthermore, a signal is 
© obtained which has a low noise level, since a crystal oscillator 
H is utilized for the reference clock generator 28 of the receiving 
+ ; device. By using a reference clock of receiving device of a 
if signal generator 28 of this type, it is possible to generate an 
lt% error signal whose S/N ratio is high. Yet further, since the 
§^5 clock signal regeneration is performed by processing by frequency 
domain, even if the symbol data is distorted by multi-pass 
distortion or the like, there is no distortion in the frequency 
of the clock signal of the VSB signal. Due to this, it is 
possible to regenerate an accurate clock signal. 
2 0 Moreover, although a VSB signal converted to baseband was 

employed with this third embodiment of the present invention, it 
would also be possible, as an alternative, to implement this 
clock recovery circuit with a VSB signal outside the baseband 
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region, for example with one of an intermediate frequency band or 
the like. 

It should be understood that, with this third preferred 
embodiment as well, it would be possible to change the function 
5 of complex number division in the first complex number 
arithmetical unit 21 to the function of complex number 
multiplication, by employing the conjugate component of the 
output signals of the first LPF 19 and the second LPF 20. 

JfO - Preferred Embodiment 4 - 

Fig. 8 is a block diagram showing the general structure of a 
? clock recovery circuit according to a fourth preferred embodiment 
O of the present invention. This clock recovery circuit comprises 
H a tendency detection 32, a symbol data error detection 33, a 
0J5 multiplier 34, a region decision 35, an averaging circuit 36, and 
a loop filter 16. 

Let three successive symbol data in time series sequence in 
the VSB signal be Dl, D2 , and D3 . The tendency detection 32 is a 
circuit which detects the tendency of the symbol data from Dl 
2 0 through to D3 by the amount of change in the value of symbol 

data. The value of symbol data error detection 33 is a circuit 
which detects the amount of deviation of the proper symbol data 
(the proper mapping value) from the symbol data D2 which have 
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actually been received. And the multiplier 34 is a circuit which 
multiplies together the output signal of the tendency detection 
32 and the output signal of the value of symbol data error 
detection 33 . 

5 The region decision 35 makes a decision as to whether the 

presently received symbol is present in a data update region, or 
whether it is present in a data holding region, based upon the 
value of symbol data of D2 . This region decision 35 performs 
J| control so as to output the result of multiplication by the 
l:p multiplier 34 if the received symbol in fact is present in the 
H data update region, and so as not to output the result of 
* multiplication by the multiplier 34 if the received symbol is in 
y fact not present in the data update region. The averaging 
l^l circuit 3 6 is a circuit which averages the output signal which 
: 15 has been updated by the region decision 35 each time a certain 

number of cycles has elapsed, and generates a phase error signal 
AP. And the loop filter 16 is a filter which smoothes this phase 
error signal AP. 

The operation of this clock recovery circuit with the above 
2 0 described structure according to the fourth preferred embodiment 
will now be explained. It will be supposed that the subject 
symbol data Dl, D2, and D3 which have been sequentially converted 
to baseband are either monotonically decreasing or monotonically 
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increasing. First, as shown in Fig. 9A and Fig. 9B, the case in 
which the phase of the sampling by the receiving device has 
become more advanced will be considered. When as shown in Fig. 
9A the tendency from Dl to D3 is negative, then the symbol points 
5 of the receiving device shown by O are larger values (more 
positive) than the proper symbol points shown by • . On the 
other hand, when as shown in Fig. 9B the tendency from Dl to D3 
is positive, then the symbol points of the receiving device are 

% smaller values (more negative) than the proper symbol points. 

Whichever of these may be the case, when the tendency from Dl to 

y, D3 is multiplied by the error from the proper symbol points, the 

41 result is a negative value. 

O Next, as shown in Fig. 9C and Fig. 9D, the case in which the 

^ phase of the sampling by the receiving device has become more 
fi delayed will be considered. When as shown in Fig. 9C the 

tendency from Dl to D3 is negative, then the symbol points of the 
receiving device are smaller values (more negative) than the 
proper symbol points. On the other hand, when as shown in Fig. 
9D the tendency from Dl to D3 is positive, then the symbol points 
2 0 of the receiving device are greater values (more positive) than 
the proper symbol points. Whichever of these may be the case, 
when the tendency from Dl to D3 is multiplied by the error from 
the proper symbol points, the result is a positive value. 
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In this manner, by multiplying together the output of the 
tendency detection 32 and the output of the value of symbol data 
error detection 33 with the multiplier 34, it is possible to 
detect the phase error AP between the symbol clock Cs of the 
5 received VSB signal and the reference clock Cr of the receiving 
device. And the region decision 35 outputs the phase error 
signal which is output from the multiplier 34 to the averaging 
circuit 36, based upon the symbol data of D2 . The averaging 
D circuit 3 6 averages n output signals which have been updated by 
AS the region decision 3 5 (where n is an integer greater than or 
f J equal to 1), and supplies the result to the loop filter 16. The 

loop filter 16 smoothes the error signal AP, and generates a 
q control signal of the clock recovery circuit. 

An example of a construction for the tendency detection 32 
£5 is shown in Fig. 10. This tendency detection 32 comprises two 
delay elements 32a and 32b which delay by just one symbol rate, 
and a subtracter 32c. Fig. 11 is an amplitude diagram which 
shows symbols of 8 values with the 8 -VSB modulation method which 
is utilized for digital signal transmission in the USA. The 
2 0 region decision 3 5 of Fig. 8 outputs the phase error signal which 
is the output of the multiplier 34 to the averaging circuit 3 6 
only when the symbol data of D2 are present in the data update 
region shown by the sloping line portions in Fig. 11. This type 
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of method of setting the data update region is termed a "Stop and 
Go" algorithm. 

In this manner, according to this fourth preferred 
embodiment, it is possible to detect the phase error between the 
symbol clock of the received VSB signal and the symbol clock of 
the receiving device by utilizing an extremely simple circuit 
structure. Furthermore, it is possible to regenerate an accurate 
clock signal even during reception in low S/N ratio conditions, 
since the region decision and the averaging processing are used 
in the updating of the phase error data. 

It should be understood that, although in this fourth 
embodiment tendency detection 32 employed the symbol data Dl and 
D3, it would also be possible, as an alternative, to detect the 
tendency by employing sampling data between the data Dl and D2 , 
and sampling data between the data D3 and D2 . 

In this manner, according to the present invention, the 
benefit is obtained that, by performing phase error detection for 
each symbol, it is possible to perform tracking at high speed 
even when the received signal is varying over time. Furthermore, 
since processing by frequency domain is utilized for the phase 
error detection, the particular benefit is obtained that the 
operation of regeneration of the clock signal experiences no 



1 



influence even during reception in low S/N ratio conditions, or 
when reception is subject to multi-pass distortion. 
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